Abstract. In the current work, beta-FeSi 2 films were epitaxially produced onto Si(111) wafer substrates via usage of facing-targets direct-current sputtering (FTDCS). The temperature for substrate heating was maintained at 600 °C and the sputtering pressure was set at 1.33 × 10 1 Pa. The surface morphology and contact angles of the beta-FeSi 2 films were explored consistently in this research. Images of threedimensional AFM and FESEM for the beta-FeSi 2 film surface revealed a smooth surface with a root mean square roughness of 1.31 nm and a porous area. The average contact angle between the dropped water and beta-FeSi 2 film surface was found to be 98.7°, establishing that the surface of the beta-FeSi 2 films was hydrophobic. The acquired experimental results revealed the commencement of the hydrophobic surface feature of the beta-FeSi 2 films produced via FTDCS approach.
Introduction
Over the past few years, iron disilicide (FeSi 2 ) possessing an orthorhombic semiconducting phase (beta) has garnered considerable attention from numerous researchers as a result of its suitable semiconducting features [1, 2] . It has been experimentally supported that it is possible to be epitaxially produced onto Si layers. The lattice mismatches for epitaxial production between films of beta-FeSi 2 and Si layers were from 2 to 5 percent [3, 4] . Further, the compound beta-FeSi 2 was produced from silicon and iron, which are environmentally friendly, non-toxic, and plentiful in nature [5] . Beta-FeSi 2 holds direct (0.85 electron volt) and indirect (0.76 electron volt) optical band gaps as well as an absorption coefficient > 10 5 cm -1 at 1.2 electron volt [6] [7] [8] . It has been evidentially confirmed by previous research that the beta-FeSi 2 film surface was quite smooth [9] . These features of beta-FeSi 2 are appropriate for usage in optoelectronic devices and superhydrophobic surfaces. Employing facing-targets direct-current sputtering (FTDCS), the production of beta-FeSi 2 films onto Si(111) wafers was achieved at low temperatures for substrate heating in the previous study [9] . The FTDCS approach consists of a pair of targets set in a parallel direction. Particularly, the substrate is situated outside of the plasma area and vertical with the pair of targets. In comparison to common radio-frequency sputtering, this approach has the following advantages: (a) sputtering at low pressure operation, (b) higher density of plasma created from sputtering, (c) less increment in substrate temperature, (d) less damage and (e) obtained films with low difference stoichiometry in comparison with a target as a result of the substrate being free of plasma [4, 9] . Additionally, the energy of particles that reached the substrate surface was higher compared to utilization of different approaches because of sputtering at low pressure operation [4, 9] . Based on the merits of FTDCS, the epitaxial production of beta-FeSi 2 thin films onto the Si(111) was accomplished when the temperature for substrate heating was 600 °C. The thin films of betaFeSi 2 created in this work presented n-type property as well as carrier density of approximately 5 × 10 17 cm -3 [9] . The produced hetero-structure between p-type Si wafers and n-type beta-FeSi 2 thin films can be utilized in photovoltaic and photodiode applications [10, 11] . Despite the face beta-FeSi 2 possesses desirable properties for hydrophobic surface applications, there have been few studies or reports on the assessment of wettability properties of beta-FeSi 2 films produced via FTDCS for employment in such applications. Consequently, the current research proposes study of their surface morphology as well as wettability behavior. It was anticipated that the average contact angle between the dropped water and the beta-FeSi 2 film surface would be greater than 90  (hydrophobic surface). According to all available knowledge and information, this research comprises the first exploration and report concerning wettability based on beta-FeSi 2 thin films produced through FTDCS.
Based on the usage of FTDCS, a 300 nm beta-FeSi 2 layer was produced onto a wafer of p-type Si(111) by employing a pair of FeSi 2 alloy targets. The temperature for substrate heating was fixed at 600 °C during film production. Before epitaxial production, the organic and oil layers were eliminated from the p-type Si(111) wafer by rinsing in acetone, methanol, and deionized water for five minutes in each step. Next, a diluted hydrofluoric (HF) acid solution (concentration of 1 percent) was applied to eradicate the existing oxide layer. The HF residue was purged instantaneously from the p-type Si wafer in deionized water. After cleaning, the prepared Si wafer was attached to the substrate holder inside the FTDCS chamber, where the space between the Si wafer substrate and FeSi 2 targets was set at 7.5 cm. The pressure inside of the chamber was evacuated to 3 × 10 -5 Pa using both a turbomolecular pump and rotary pump. The sputtering process was operated in argon gas (purity: 6N). The flow rate of the argon gas and pressure of sputtering were maintained at 15 sccm and 1.33 × 10 1 Pa, respectively. The applied voltage for sputtering was assigned to 1 kV, while the generated sputtering current was about 1.5 mA. Thorough study of X-ray diffraction (XRD) for the beta-FeSi 2 layer epitaxially produced on Si(111) wafers was performed in a Rigaku RINT 2000/PC. The surface morphology view of beta-FeSi 2 films was explored using FESEM (Carl Zeiss Auriga Field Emission Scanning Electron Microscope). The roughness of the film surface was inspected by means of an XE-120 Atomic Force Microscope (AFM). The wettability of the film surface was determined using an OCA 20 measuring instrument.
Results and discussion
Figure 1(a) presents the scanned XRD pattern of the produced thin films of beta-FeSi 2 onto the layer of Si(111) wafers. Measurement was executed utilizing a mode of 2θ-θ scan. From the appearance pattern, weak 404/440 and intense 202/220 peaks could be found. These peaks are essential for beta-FeSi 2 films, which can be epitaxially produced on Si(111). In order to measure the pole figure, a specific crystallographic plane of the 2θ-θ scan should be fixed, which determines the Miller indices of the films. From the XRD pattern, the beta-202/220 peak was close to the strong peak of the Si-111 plane. Namely, the obtained pole figure image, which was measured in this plane, might show the pole figure of the beta-202/220 peak with interaction from the substrate plane. Therefore, the diffraction peak of beta-404/440 was chosen as the main scanning plane in this XRD pole figure measurement. In the measurement process, the pole figure was performed by varying two geometrical parameters, such as the tilt angle (Ψ) from beta-FeSi 2 film surface normal direction and the rotation angle (ϕ) around the surface of the films in the normal direction. Figure 1(b) depicts the acquired pattern of pole-figure concerning the peak of beta-404/440 for the beta-FeSi 2 films produced onto Si(111) wafers. This result reveals the occurrence of 3 kinds of epitaxial variants. The rotation angle was 120 degrees to each other [3] . Further, the produced beta-FeSi 2 films contained many grain boundaries and a porous area that existed at the edge of the grain boundary. In Figure 2 (b), a crosssectional FESEM micrograph is presented showing a layer of beta-FeSi 2 thin film coated onto a layer of Si (111) wafer. In the cross-section micrograph, the beta-FeSi 2 film surface produced through FTDCS was level and appeared non-fractured along the path. A three-dimensional AFM image of beta-FeSi 2 films, scanning in non-contact mode, is illustrated in Figure. 3. The scanning result demonstrates the rather smooth surface of the beta-FeSi 2 film. The estimated root mean square roughness (R rms ) of the film surface was 1.31 nm. Some pinholes are observable within the scanning area of 500 × 500 nm, which conform to FESEM surface images. This can be represented by the fact that, in the production process of beta-FeSi 2 films by usage of FTDCS, the Si substrate is located on a substrate holder far away from the plasma that was generated from sputtering [4, 9] . Furthermore, the temperature of the produced beta-FeSi 2 layer surface did not increase as a result of the Si substrate being arranged far from the plasma region. Based on this situation, the surface of the produced beta-FeSi 2 layer suffered minimal damage from the destruction of sputtering plasma [4, 9] . In order to expose the wettability behavior of the betaFeSi 2 thin films produced by means of FTDCS in this study, the contact angle between the beta-FeSi 2 film surface and the dropped water was measured. Figure 4 presents an image of the measured contact angle between film surface and water droplet. The average contact angle between the water droplet and film layer was 98.7° (99.0° and 98.4° for the left and right sides of contact angle, respectively). From the obtained results, the surface of the beta-FeSi 2 films exhibited hydrophobic properties. Generally, a hydrophobic surface is labeled as having contact angles in the angle range of 90° <  < 150° [12] [13] [14] . According to the FESEM image, the betaFeSi 2 film surface has an occurrence of porous territory. This can be explained by the wetting model of CassieBaxter, which describes the wetting phenomena of the porous area underneath liquid drops. The porous area is an act to the air pocket, where air can infiltrate into the grooves and support the lifting of dripped liquid, resulting in a higher contact angle than for a flat surface [15] [16] [17] . 
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Conclusions
In the present work, a layer of beta-FeSi 2 was produced onto a Si(111) wafer via FTDCS. The temperature for MATEC Web of Conferences 192, 01054 (2018) https://doi.org/10.1051/matecconf/201819201054 ICEAST 2018 substrate heating and the sputtering pressure were maintained at 600 °C and 1.33 × 10 1 Pa, respectively. Surface morphology for the produced beta-FeSi 2 films was explored using FESEM and three-dimensional AFM images, which demonstrated the existence of a porous area (pinholes) and R rms of 1.31 nm. The average contact angle of the produced beta-FeSi 2 film surface was 98.7°. This proved the hydrophobic behavior of the film surface. From the acquired results, it was revealed that beta-FeSi 2 films produced via FTDCS could potentially be applied to hydrophobic surfaces.
